The measured γ-ray fluence (Kippen 1997) and redshift (Kulkarni et al. 1998 ) of gamma ray burst GB971214 are indicative of an unexplainably large energy release, E γ ∼ 3.0 +53 ergs, if one assumes isotropic emission and a standard Friedman cosmology in an open universe to calculate the luminosity distance, D L . This energy release, when combined with the compact dimensions typical of gravitationally powered burst models and with known inefficient e-m energy deposition, implies a minimum initial energy density of order
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The measured γ-ray fluence (Kippen 1997 ) and redshift (Kulkarni et al. 1998 ) of gamma ray burst GB971214 are indicative of an unexplainably large energy release, E γ ∼ 3.0 +53 ergs, if one assumes isotropic emission and a standard Friedman cosmology in an open universe to calculate the luminosity distance, D L . This energy release, when combined with the compact dimensions typical of gravitationally powered burst models and with known inefficient e-m energy deposition, implies a minimum initial energy density of order 1.0 +33 ergs cm −3 [t ms ], leaves theorists with no viable progenitor for the event because of energy budget constraints. Utilizing a standard FRW cosmology with vacuum energy density (Ω Λ = 0) yields similarly large D L 's unless one allows for intrinsic curvature in the Universe. We will argue that if gravitational collapse powered the event, the energy released by the burst must be smaller than implied by the estimate of Kulkarni et al. and that, under this premise, the measured γ-ray fluence and redshift could be indicative of our Universe having intrinsic curvature Ω k ≃ −0.1.
Two Serendipitous Discoveries

The Enormous Energy
The redshift measurement of the galaxy associated with gamma-ray burst GB971214 (Kulkarni 1998 ) has motivated claims of an extremely high intrinsic luminosity from this source. So high are the energetics, in fact, that theorists were left baffled by a perceived inadequacy of the currently favored hypothetical progenitor models to provide enough energy to power the burst.
The measured fluence in γ-rays alone (> 20keV ), F γ = 1.1 −5 ergs cm −2 (Kippen 1997) , places GB971214 among the brighter end of gamma ray burst (GRB) sources. The time history of the event exhibits (at least) two distinct broad episodes, an estimated duration of 18 sec and the millisecond time variability typical of GRB's. The spectrum of the possible host galaxy 1 was recorded a posteriori (Kulkarni 1998) yielding a redshift measurement z = 3.428, the second distance cue for a classical GRB event.
In a standard Friedman-Robertson-Walker cosmology with Hubble parameter H 0 = 65 km sec −1 M pc −1 and normalized matter density Ω M = .3 (open universe), this source redshift implies a luminosity distance D L ≃ 9.7 +28 cm (Kulkarni 1998) . When this result is combined with the observed γ-ray fluence, a lower bound on the e-m energy released by the event obtains: E γ ∼ 3.0 +53 ergs, for isotropic emission. If a fraction f γ = .01 f γ 2 of the total energy budget of the burst ends up in γ-rays, the total energy released by the burst would be
This energy is higher than the rest-mass energy of a neutron star (NS) by an order of magnitude and cannot be explained by any of the currently favored GRB progenitor models: compact object (NS-NS or NS-BH) merger (COM) models (Goodman 1986 , Paczyñski 1986 , Eichler et al. 1989 , Katz 1997 ), baryon-loaded collapsar (BLC) models (Woosley 1993 , McFadyen & Woosley 1998 , Paczyñski 1998), nor by accretion induced collapse of white dwarfs (AICWD) models (Dar et al. 1992 , Katz & Canel 1996 . The cosmological assumptions that led to this result should be subject to close examination if one is inclined to rescue the strong statistical, energy budget, and rise and variability timescale arguments made by gravitationally-powered burst model proponents.
The Strange Universe
Although the common cosmological consensus until recently was one of a perfectly balanced matter-dominated Universe, this was difficult to reconcile with the strong observational support in favor of a universe with Ω M ∈ [.2, .3]. Still, partly motivated by the flatness of the solutions generally produced by inflationary models of the universe, dark matter of many types have been proposed to fill in the gap to a perfectly flat, matter-only universe.
Cosmology More recently, however, evidence from a limited sample of type Ia supernovae (Garnavish et al. 1998 ) pointed toward an under-critical, eternally expanding Universe giving a first splash in a year of rapidly evolving cosmological awareness. Then came evidence from a larger sample of SNe Ia (Reiss et al. 1998 ) which determined at a > 7σ confidence level that the Universe presently accelerates (i.e.ä > 0, or , q < 0). A revival of Einstain's ever present cosmological constant, Λ, has once again been invoked to explain such unlikely results.
Reiss et al. (1998) produce a set of six possible cosmologies consistent with the luminosity distance determinations from a set of sixteen SNe Ia with the use of an improved light-curve-luminosity relation and two independent lightcurve fitting methods: a multicolor light curve shape and a template fitting, both with precision of ±.15 mag.
In this letter, we first examine the implications of these possible cosmologies in the determination of the intrinsic energy output of GB971214 and find that the observed redshift and γ-ray fluence are still consistent with stellar-scale gravitationally powered models of gamma-ray bursts if a curved Universe model is used to infer the luminosity distance to the event. Secondly, it is argued that insofar as the energy source for the burst comes from gravitational contraction or accretion of some sort (as is normally the case in most high energy astrophysical phenomena), the energy budget of this class of models negates the possibility of extracting the amount of energy implied by several such cosmologies. It is thus strongly suggested that GRB's should not be so bright and, under this premise, that the measured fluence and redshift of GB971214 could be indicative of our Universe having intrinsic curvature (i.e. Ω k = 0).
D L in an Accelerating Universe
Given a source redshift, z, its luminosity distance in a nonnecessarily-flat Universe (vacuum-or matter-dominated) is given by (Carroll, Press & Turner 1992 )
with c = 1 and where Table 1 shows the luminosity distances to GB971214 (@z = 3.428) in the possible cosmologies of Reiss et al. (1998) . The corresponding γ-ray energy output for GB971214 is shown in the last column of that Table. These authors obtained cosmologies A and B by restricting the SNe Ia luminosity fits to flat universes (Ω k = 0) and these correspond to the two independent methods to measure the light curves of the supernovae. Note that both inferred γ-energy outputs are beyond what gravitationally powered models may produce (see below). Cosmologies C and D constraint Ω M to 0.2 but permit Ω k = 0 and models E and F do the same but for Ω M = 0.3. Models D and E yield total e-m energy outputs that are consistent with gravitationally powered progenitor models.
Energy Budget of Gravitationally Powered Burst Models
Quite generally, the energy released by cosmic GRB progenitors is so large that a 'relativistic fireball' 2 results. Gravitational collapse is simply the most efficient known mechanism to liberate large amounts of energy from macroscopic, charge-neutral, low anti-matter-fraction objects. However, the large mass densities involved imply that only weakly interacting particles such as neutrinos may escape promptly. The bulk of the gamma rays is thus generally thought to be produced by ν eνe anhilations into e ± pairs and photons in a (relatively) baryon-free, neutrino-rich, optically-thick, region "outside" the progenitor (for instance, above the axial poles of the coalesced object produced by a COM event).
The typical rise-time of a "fast" GRB, t rise ≃ few × 1. ms, indicates that the trigger mechanism for the burst must operate efficiently over a radius δr ∼ few × 300 km. Additionally, the angular spreading problem (Fenimore, Epstein & Ho 1996) means that it may be quite implausible for complex sub-millisecond temporal and spectral γ-ray variability to be attributed to the interaction of a single 'instantaneous fireball' with an external medium, the favored scenario being one in which the variability mirrors flux fluctuations from the place where photons freely escape , Kobashi, Piran & Sari 1997 .
In COM models, tremendous binding energy reservoirs are promptly available, E bin ≃ 2.0 +54 ergs (for NS-NS mergers, slightly less for NS-BH mergers), if the end state is a black hole. Yet, invoking gravitational radiation (gr) to unfold them would mean that gr-reaction looses could quickly, t gr ∼ 1 ms, and innocuously carry most of the binding energy away. This energy drain, however, halts if the system tends to axial symmetry. Now, if the equation of state for very massive neutron stars is not sufficiently hard, the efficiency for neutrino deposition by the coalesced core is very low, E tot ν /E bin ≃ 3.0 −8 (Janka & Ruffert 1996) , as the neutrino burst is shut down by a general relativistic collapse instability t c coll ∼ .1 ms (Gourgoulhon & Haensel 1993) . Otherwise, the core may cool on the characteristic neutrino diffusion timescale t
)], and, in gr-active post-merger configurations 3 , a large fraction of the binding energy prior to coalescence may unfold further.
A post-merger collapsar (Janka & Ruffert 1996) would accrete the dense material splashed out during coalescence, optimistically 4 radiating E 
Discussion
There are many variations of the models discussed above but the energy reservoirs available are fundamentally the same. The detail micro-physics of neutrino emission, transport and 3 One such configuration is a triaxial polytropic core resulting when a very hard polytrope, Γ ≥ 2.3, is used to model the neutron stars (Rasio & Shapiro 1994) . 4 Assuming optimal ν-diffusion-viscous-accretion of ≃ .1M ⊙ accreted during tacc ∼ t diff ∼ .2 sec 5 6 M ⊙ of the disk (the total may be greater) accreted during 20 sec. oscillations 6 and its effect on the efficiency of e-m energy deposition are major uncertainties and must be a focus of future research. Another interesting problem deals with the the uncertainty in dissipative processes in dense matter such as those of magnetic origin and of convective overturn.
This letter is no doubt a premature attempt at using the most luminous known astrophysical source as a standard candle. The uncertainties in such a task are many. However, as long as the progenitor is believed to be a gravitationally powered event, energy budget and rise timescale constraints largely limit the cosmological models we may physically justify at present. If the energy released by GB971214 is as large as implied by Eq [1] one would have to entertain the scenario depicted in the abstract. The models explored above have, in fact, t ms ≃ .1 which would imply T souce particle > .26 GeV, a temperature so high that one has to consider a precolor-confinement-chiral-symmetry-breaking situation. This energy density makes mild beaming arguments largely irrelevant. Although we consider such conditions fascinating, they are unlikely.
